Biomechanics of snowmobile spine injuries by Roberts, Verne L.
BIOMECHANICS OF SNOWMOBILE 
SPINE INJURIES 
by 
Verne L. Roberts, Ph.D. 
and 
Robert P. Hubbard, Ph.D. 
IZIGHWAY SAFETY RESEARCH INSTITUTE 
THE Ubr6IIVERS:lTY OF MICHIGAN ANN ARBOR 
BIOMECHANICS OF SNOWMOBILE SPINE INJURIES 
Verne I. Roberts, Ph,D. 
Head, B iosc iences D i v i s i o n  
and 
Robert  P. Hubbard, Ph.D. 
Pos tdoc to ra l  F e l l  ow 
The U n i v e r s i  t y  o f  M i  c h i  gan 
Highway S a f e t y  Research I n s t i t u t e  
B iosc iences D i v i s i o n  
Huron Parkway and Bax te r  Road 
Ann Arbor,  Mich igan 48105 
ACKNOWLEDGMENT 
T h i s  s t u d y  was sponsored i n  t h e  p u b l i c  i n t e r e s t  by t h e  B iosc iences  D i v i s i o n  
o f  t h e  Highway S a f e t y  Research I n s t i t u t e ,  The U n i v e r s i t y  o f  Mich igan.  The au tho rs  
thank t h e  s t a f f  o f  t h e  H.S.R.I. Impact  S led  L a b o r a t o r y  f o r  t h e i r  t e c h n i c a l  a s s i s -  
tance.  
Many o f  t h e  sea ts  t e s t e d  were p r o v i d e d  by  t h e  snowmobile manufac turers .  
These companies a re :  Bombardier, L td . ,  SnoJet, I n c . ,  P o l a r i s  I n d u s t r i e s ,  
Ev inrude Motors, Coleman Co., Rupp I n d u s t r i e s ,  and Sco rp ion  I n c .  I n  a d d i t i o n ,  
A r c t i c  E n t e r p r i s e s  p r o v i d e d  two sea ts  and a snowmobile. The au tho rs  thank these 
peop le  f o r  t h e i r  wi  11 i n g  ass i s tance .  
INTRODUCTION 
Wi th  t h e  i n c r e a s e d  p o p u l a r i t y  o f  snowmobil i n g  as a  w i n t e r  r e c r e a t i o n a l  
past ime has come an a l a r m i n g  and e v e r - i n c r e a s i n g  number o f  i n j u r i e s  t o  snow- 
mobi 1  e  o ~ e r a t o r s  and r i d e r s  . Inves ti ga to rs  have compi 1  ed a c c i d e n t  r e p o r t s  
i n  an e f f o r t  t o  document t h i s  problem (1 ,2) .  These a c c i d e n t  s t a t i s t t i c s  i n -  
d i c a t e  t h a t  compression f r a c t u r e s  o f  t h e  s p i n e  make up a  p a r t i c u l a r l y  s i g n i f -  
i c a n t  c l a s s  o f  snowmobile i n j u r i e s  and a r e  e s p e c i a l l y  menacing because o f  t h e  
t h r e a t  o f  permanent p a r a l y s i s .  Such f r a c t u r e s  a r e  r e p o r t e d  t o  be a  common 
r e s u l t  o f  e i t h e r  i n tended  o r  i n a d v e r t e n t  jumping o f  t h e  v e h i c l e .  
The mechanics o f  v e r t i c a l  f a l l  and impact  were s t u d i e d  by  d ropp ing  an 
i ns t rumen ted  an th ropomet r i c  dummy w i t h  a  snowmobile t o  which a  v a r i e t y  o f  
seats  f rom t h e  t e n  b e s t - s e l l i n g  snowmobile makes were a t tached.  The! seats  
were a l s o  loaded i n  a  m a t e r i a l s  t e s t i n g  machine t o  determine t h e i r  i n d i v i d u a l  
l o a d - d e f l e c t i o n  c h a r a c t e r i s t i c s .  For assessment o f  i n j u r y  p o t e n t i a l  , b o t h  t h e  
drop and s e a t  t e s t s  were ana lyzed u s i n g  knowledge o f  human t o l e r a n c e  t o  v e r t i -  
c a l  l o a d i n g  o f  t h e  sp ine  ga ined i n  s t u d i e s  o f  t h e  problem o f  a i r c r a f t  e j e c t i o n .  
METHODS 
The experimental Program consisted of two se r i e s  of t e s t s .  In the 
f i r s t  s e r i e s ,  selected snowmobile sea ts  were individually attached t o  a  
snowmobile and with an instrumented dummy in the driver's position the 
snowmobile, s e a t ,  and dummy were dropped. This se r i e s  lead t o  a be t t e r  
understanding of the interact ion between r ide r  and machine in a  vert ical  
f a l l .  In the second s e r i e s ,  the sea ts  were isolated and tested in order 
t o  study t h e i r  performance without interference from the machine o r  the 
r ide r  . 
The snowmobile drop t e s t  simulates a snowmobile jump or f a l l ,  thus 
allowing controlled observation and analysis of the occurrences which 
lead to  back injury.  The t e s t  i s  based on the f a c t  t h a t  a  vert ical  drop 
i s  dynamically equivalent t o  a jump o r  f a l l  which occurs a t  a  constant 
horizontal speed. 
Figure 1 .  Snowmobile Drop Test Setup 
An A r c t i c  Cat Panther snowmobile was used f o r  t h e  t e s t i n g  as shown i n  
F iqu re  1 .  The enq ine and f r o n t  cowl had been removed, and f i f t y  pounds 
o f  l e a d  b a l l a s t  were p laced  i n  t h e  engine l o c a t i o n  t o  b r i n g  t h e  machine 
we igh t  UP t o  i t s  normal o p e r a t i n g  we igh t  o f  340 l b .  An acce lerometer  
was mounted on t h e  f o o t  board o f  t h e  snowmobile i n  l i n e  w i t h  t h e  micldle 
o f  t h e  sea t .  P r i o r  t o  t e s t i n g ,  one o f  t h e  twe lve  seats  s t u d i e d  i n  t h i s  
s e r i e s  was mounted on t h e  snowmobile. The seats  were f rom 1971 models 
o f  t h e  t e n  snowmobile makes which s o l d  b e s t  i n  t h e  1969-70 season ( 3 ) .  
A 95 th  p e r c e n t i l e  male S i e r r a  anthropometr ic  dummy weigh ing 225 l b .  was 
p o s i t i o n e d  on t h e  machine w i t h  i t s  hands taped t o  t h e  hand le  ba rs .  The 
dummy head and t o r s o  were each ins t rumen ted  t o  sense a c c e l e r a t i o n s  i ~ n  t h e  
v e r t i c a l  , f o r e - a f t ,  and t ransve rse  d i r e c t i o n s .  I n  accordance w i t h  
s tandard  impact  t e s t  p r a c t i c e ,  t h e  dummy j o i n t s  were s e t  t o  suppor t  t h e  
l i m b s  a g a i n s t  g r a v i t y ,  The snowmobile suspension was ad jus ted  so t h a t  a  
50 1  b ,  l o a d  a ~ p l i e d  t o  t h e  extreme r e a r  o f  t h e  snowmobile was necessary t o  
overcome t h e  suspension s p r i n g  p re load .  T h i s  s e t t i n g  corresponded l;o 1  112 
i n .  and 1  i n ,  o f  exposed threads on t h e  f r o n t  and r e a r  suspension 
s e t t i n g  r e s p e c t i v e l y .  
The snowmobile w i t h  t h e  dummy i n  p l a c e  was h o i s t e d  t o  t h e  t e s t  h e i g h t  
and re leased  t o  f a l l  on to  a  conc re te  f l o o r .  The da ta  recorded d u r i n g  
each t e s t  were a c c e l e r a t i o n - t i m e  t r a c e s  f rom t h e  i ns t rumen ted  dummy and 
snowmobile frame, photographs taken w i t h  a  Graph Chek sequen t ia l  P o l o r o i d  
Camera, and, i n  two cases, h i g h  speed mot ion  p i c t u r e s .  
The impact  dynamics o f  a snowmobile w i t h  a  r i d e r  l a n d i n g  on a  h o r i -  
z o n t a l  s u r f a c e  a f t e r  a  f a l l  o r  jump i n v o l v e  many fac to rs :  ( 1 )  a t t i t u d e  
and mot ion  o f  t h e  snowmobile a t  impact; ( 2 )  a t t i t u d e  and mot ion  o f  t h e  
r i d e r  a t  impact ;  ( 3 )  t h e  w e i g h t  and c e n t e r  o f  g r a v i t y  o f  t h e  snowmobile; 
( 4 )  t h e  w e i g h t  o f  t h e  r i d e r ;  ( 5 )  t h e  energy absorb ing mechanism between 
t h e  snowmobile and t h e  impact  su r face ;  and, ( 6 )  t h e  energy abso rb ing  
m a t e r i a l  between t h e  r i d e r  and t h e  snowmobile. The f i r s t  f i v e  f a c t o r s  
have been h e l d  c o n s t a n t  i n  t h e  d rop  t e s t i n g .  The s i x t h  f a c t o r ,  t h e  seat ,  
i s  c r i t i c a l  t o  t h e  p r o t e c t i o n  o f  t h e  r i d e r .  The r e s u l t s  o f  t h e  drop 
t e s t i n g  a r e  presented below, b u t  one o b s e r v a t i o n  i s  presented he re  due t o  
i t s  s i g n i f i c a n c e  t o  t h e  r o l e  o f  a  snowmobile sea t .  I n  a l l  t h e  d rop  t e s t s ,  
t h e  snowmobile s u s ~ e n s i o n  was bottomed o r  rebound ing when t h e  dummy was 
deforming t h e  seat  t o  t h e  f u l l e s t  e x t e n t .  T h i s  means t h a t  t h e  seats  must 
absorb much o f  t h e  energy o f  t h e  f a l l i n g  r i d e r  i f  i n j u r y  i s  t o  be avo ided.  
S i x t e e n  seats  were t e s t e d  s t a t i c a l l y  i n  a  Un ive rsa l  t e s t i n g  machine 
t o  determine t h e i r  energy abso rb ing  c h a r a c t e r i s t i c s .  The seats  were p laced  
on a  l a r g e  plywood sheet  on t h e  movable crosshead o f  an I n s t r o n  m a t e r i a l s  
t e s t  machine and r a i s e d  a g a i n s t  a  o n e - f o o t  square p i e c e  o f  plywood which  
was a t t a c h e d  t o  a  r i g i d l y  h e l d  l o a d  c e l l .  The de fo rma t ion  o f  t h e  s e a t  and 
t h e  l o a d  t r a n s m i t t e d  th rough t h e  s e a t  were recorded.  Four o f  t h e  seats  tes ted ,  
t h e  Ski-Doo TNT 1 8  i n . ,  TNT 15 i n ,  and E lan  seats ,  and t h e  A r c t i c  Cat Puma, 
were s l a n t e d  so t h a t  t h e y  were t h i c k e r  a t  t h e  back than  a t  t h e  f r o n t .  The 
s l a n t e d  Ski-Doo seats  were t e s t e d  i n  t h r e e  ~ o s i t i o n s  w i t h  t h e  l o a d  be ing  
a p p l i e d  t o  t h e  f r o n t ,  midd le ,  t h e  r e a r  o f  t h e  sea ts .  The A r c t i c  Cat Puma 
s e a t  was s h o r t e r  and was t e s t e d  i n  one p o s i t i o n  w i t h  t h e  edge o f  t h e  l o a d -  
i n g  s u r f a c e  approx ima te l y  1  i n .  i n  f r o n t  o f  t h e  sharp  r i s e  a t  t h e  r e a r  o f  
t h e  seat .  Tests  were performed w i t h  t h e  sea ts  a t  temperatures o f  70°F and 
10°F. A t y p i c a l  load-deformat ion  t r a c e  i s  shown i n  F i g u r e  2. As t l i e  s e a t  
was deformed the load transmitted through the sea t  f i r s t  increased non- 
1 inearly and then increased very rapidly as the sea t  bottomed. 
DEFORMATION in. 
Figure 2 .  Typical Snowmobile Seat Load-Deformation Trace 
RESULTS 
A t y p i c a l  d rop t e s t  i s  shown i n  t h e  s e q u e n t i a l  photograph o f  t les t  number 
2028 ( F i g .  3) i n  which a S c o r ~ i o n  S t i n g e r  s e a t  i s  a t tached  t o  t h e  t i s s t  machine. 
F igu re  3. T y p i c a l  Snowmobile Drop T e s t  Sequence 
The sequence s t a r t s  i n  t h e  l o w e r  l e f t  frame and proceeds up t h e  l e f t  s i d e  t o  
f rame 4, t h e n  t o  t h e  l o w e r  r i g h t  frame 5, up t h e  r i g h t  s i de ,  and i s  completed 
i n  t h e  upper r i g h t  frame 8. I n  t h e  f i r s t  t h r e e  frames t h e  snowmobile i s  
f a l l i n g  w i t h  t h e  dummy s l i g h t l y  above t h e  sea t .  Between frames 3 and 4 t h e  
t r a c k  has con tac ted  t h e  f l o o r ,  and i n  frame 4 t h e  suspension +has bottomed and 
t h e  dummy i s  s t a r t i n g  t o  de form t h e  seat .  I n  frame 5 t h e  dummy has e x t e n s i v e l y  
deformed t h e  s e a t  as t h e  machine has a l r e a d y  begun t o  rebound. By frame 6 b o t h  
dumrny and machine a r e  rebounding.  I n  f rame 7 t h e  t r a c k  has l e f t  t h e  f l o o r  as 
t h e  dummy rebounds f u r t h e r ,  and i n  frame 8 t h e  dummy leaves  t h e  s e a t  w h i l e  t h e  
t r a c k  i s  s t i l l  o f f  t h e  f l o o r ,  O f  p a r t i c u l a r  n o t e  i s  t h e  f a c t  t h a t  tihe suspen- 
s i o n  i s  bottomed o r  i s  j u s t  b e g i n n i n g  t o  rebound as t h e  dummy i s  de forming t h e  
s e a t  t o  t h e  maximum. The a c t i o n  shown i n  F igu re  3 was repeated w i t h o u t  e x c e p t i o n  
i n  t h e  o t h e r  t e s t s .  
For  t h e  d e t e r m i n a t i o n  o f  back i n, ju ry  , t h e  acce l  e r a t i o n - t i m e  reco rds  f rom 
t h e  i ns t rumen ted  dummy a r e  t h e  most i m p o r t a n t  da ta .  F i g u r e  4 i s  t h e  a c c e l e r a t i o n -  
t i m e  r e c o r d  f o r  t e s t  number 2018 u s i n g  t h e  A r c t i c  Cat Panther  seat .  The s i g n i f i -  
c a n t  t r a c e  i s  c h e s t  v e r t i c a l  a c c e l e r a t i o n ,  t h i r d  f rom t h e  top .  The t ime  s c a l e  
runs  f rom r i g h t  t o  l e f t  and t h e  v e r t i c a l  1  i n e s  a r e  10 m i l  1  iseconds a p a r t .  The 
v e r t i c a l  c h e s t  a c c e l e r a t i o n  i nc reased  a t  an average r a t e  o f  onse t  o f  1200 G/sec 
t o  a  maximum o f  34 G and decreased a t  app rox ima te l y  t h e  same r a t e .  The a c c e l e r -  
a t i o n  was above 20 G's f o r  13  msec, and t h e  d u r a t i o n  o f  t h e  t o t a l  even t  was 79 
msec. When t h e  P o l a r i s  s e a t  was used i n  drop t e s t  number Z019 ( F i g ,  5 ) ,  t h e  
v e r t i c a l  c h e s t  a c c e l e r a t i o n  i nc reased  a t  a  r a t e  650 G/sec. t o  a  peak o f  20 G .  











I n  o r d e r  t o  e v a l u a t e  these  r e s u l t s  i n  terms o f  snowmobile r i c l e r  back i n j u r y ,  
t h e  l e v e l s  o f  human t o l e r a n c e  t o  upward v e r t i c a l  a c c e l e r a t i o n  must be known, 
F o r t u n a t e l y  human t o l e r a n c e  t o  t h i s  t y p e  o f  impact  has been s t u d i e d  i n  t h e  d e v e l -  
opment o f  e j e c t i o n  seats  f o r  h igh-speed a i r c r a f t .  Human t o l e r a n c e  i s  a  f u n c t i o n  
o f  maximum l e v e l  o f  a c c e l e r a t i o n ,  d u r a t i o n  o f  a c c e l e r a t i o n ,  and r a ~ t e  o f  onset  o f  
a c c e l e r a t i o n .  I n v e s t i g a t o r s  have found v a r i a t i o n  i n  human impact  t o 1  erance, b u t  
based on Snyder 's  rev iew  ( 4 )  o f  t h i s  s u b j e c t ,  l e v e l s  o f  a c c e l e r a t i o n  s e v e r i t y  
g r e a t e r  t han  20 G peak, 100 msec. t o t a l  d u r a t i o n ,  and 300 G/sec r a ~ t e  o f  onse t  
w i l l  l e a d  t o  i n j u r y  o f  t h e  sp ine ,  
Comparison o f  t hese  t o l e r a n c e  va lues w i t h  t h e  r e s u l t s  f rom two o f  t h e  f o u r -  
teen drop t e s t s  l eads  t o  t h e  c o n c l u s i o n  t h a t  severe  back i n j u r y  would have 
occu r red  i n  t e s t  2018 o f  t h e  A r c t i c  Cat Panther  s e a t  and back i n j u r y  p robab ly  
would have occu r red  i n  t e s t  Z019 o f  t h e  P o l a r i s  sea t .  
So t h a t  a l l  t h e  snowmobile seats  which were drop t e s t e d  can be eva lua ted ,  
t h e  t e s t  r e s u l t s  a r e  1  i s t e d  i n  Tab le  I. The d rop  h e i g h t  f o r  a l l  t e s t s  was f o u r  
f e e t  except  f o r  t h e  A r c t i c  Cat Panther  s e a t  which was t e s t e d  a t  a d d i t i o n a l  d rop 
h e i g h t s  o f  two and t h r e e  fee t .  The seats  a r e  l i s t e d  i n  approximat;e o r d e r  o f  
impact  s e v e r i t y  t o  t h e  dummy. The two and t h r e e  f o o t  t e s t  o f  t h e  A r c t i c  Cat 
Panther  s e a t  a r e  l i s t e d  a t  t h e  t o p  f o r  comparison w i t h  t h e  most severe impact  
wh ich  was t h e  A r c t i c  Cat Panther  s e a t  dropped f r o m  f o u r  f e e t .  A l though t h e  t o t a l  
impact  d u r a t i o n s  a r e  a l l  below 100 msec, t h e  peak v e r t i c a l  ches t  a ~ c c e l e r a t i o n s  
and r a t e s  o f  o n s e t  a r e  h i g h  enough t o  cause i n j u r y .  
The r e s u l t s  f o r  s e a t  t e s t i n g  a r e  summarized i n  Tab le  11. The deformat ions  
t o  bo t tom t h e  sea ts  a r e  l i s t e d  w i t h  t h e  l oads  a p p l i e d  t o  t h e  seats  when t h e r e  
was 1 i n .  of  de fo rma t ion  rema in ing  before bot toming.  For t h r e e  sea ts ,  t h e  
TABLE I. SNOWMOBILE DROP TEST RESULTS 
Seat  
A r c t i c  Cat 
Pant her  
A r c t i c  Cat 
Panther  
A r c t i c  Cat  
Panther  
Ev in rude  
Sno J e t  
S t a r j e t  
Scorp ion  
S t i n g e r  
S k i  -Do0 
Qlympic 
-- 
S k i  - D O ~  
TNT 18"  
Moto S k i  
Col eman 
S k i  r o u l e  
A r c t i c  Cat 
Puma 
A1 1 ou t t e  
P o l a r i s  
-- 
Drop 
H e i g h t  
( f t .  ) 
Peak V e r t .  Rate o f  T o t a l  
Chest Accel . Onset D u r a t i o n  
(G 's  = 32.2 f t / s e c 2 )  ( G 1 s / s e c . )  ( m i l l i s e c . )  
15 320 88 
I 
D u r a t i o n  
Above 20 G 
: m i l l i s e c . )  
0 
T A B L E  11. SNOWMOBILE SEAT TEST RESULTS 
- 
Seat 
w o r m a t  t  Bottom onl- t o  Bottom t o  Energy Bottom 
( i n . )  ( I b .  1 ( i n e l b e )  
1 i n .  f rom bot tom 
A r c t i c  Cat Panther 220 1 810(895) 1 4 .5  1 
Ev i nrude I 3.2 I 280 1 
- 
Sno J e t  S t a r j e t  4.1 340 
- 
Sno J e t  SS 1 3 .3 I 31 0 I 
Scorpian S t i n g e r  1 3.7 I 300 I 
Ski-Doo Olympic 4.2 2 60 
Sk i  -Do0 Nord ic  4.6 220 735(814) 
Ski-Doo I N T  18" f r o n t  4.0 280 
m idd l  e 4.6 3 60 
r e a r  4 .5  320 I 
Ski-Doo TNT 15" f r o n t  3.1 
mi dd l  e 3.5 
realP 3 .8  
Ski-Doo Elan f r o n t  3.5 270 
m i  d d l  e 4.2 31 0 
r e a r  4.3 340 
Moto S k i  3 .5  30 0 
Col eman Sk i  r o u l  e 3.5 340 
I I I 
A r c t i c  Cat Puma 4.2 280 
A1 l o u t t e  3.6 270 --I---- 
Pol a r i s  5.2 3 80 1 1270 
Energy 
Absorbed 
energy r e q u i r e d  t o  bo t tom them and t h e  energy absorbed by them a r e  l i s t e d  
i n  Tab le  11. For  two o f  these sea ts  t h e  ene rg ies  were determined f o r  b o t h  
70°F and 10°F. The energy r e q u i r e d  t o  bo t tom t h e  s e a t  i s  t h e  area between 
t h e  l o a d i n g  t r a c e  and t h e  h o r i z o n t a l  a x i s  i n  F i g u r e  2. The energy absorbed 
by t h e  s e a t  i s  t h e  area between t h e  l o a d i n g  t r a c e  and t h e  un load ing  t r a c e .  
There was v e r y  l i t t l e  change i n  t h e  mechanical response o f  t h e  seats  wl i th 
tempera ture ,  T h i s  i s  e v i d e n t  f rom t h e  ene rg ies  1  i s t e d  i n  Tab le  I1  f o r  t h e  
A r c t i c  Cat Panther  and Ski-Doo Nord i c  sea ts  a t  bo th  t e s t  tempera tures ,  A l l  
o t h e r  d a t a  a re  g i v e n  a t  t h e  70°F t e s t  temperature.  
The o r d e r  o f  l i s t i n g  f o r  Tab le  I 1  i s  t h e  same as f o r  Tab le  I; t h a t  i s ,  
t h e  sea ts  a re  l i s t e d  i n  dec reas ing  o r d e r  o f  impact  s e v e r i t y  based on t h e  
drop t e s t s .  The f o u r  sea ts  which were n o t  i n c l u d e d  i n  t h e  d rop  t e s t s  a r e  
l i s t e d  i n  Tab le  I 1  w i t h  t h e  s e a t  f rom t h e  same manufac turer  which they  
most n e a r l y  resemble. Examinat ion o f  t h e  l o a d  a t  1  i n .  f r om bo t tom ing  i n d i c a t e s  
t h a t  many o f  t h e  sea ts  were n e a r l y  bottomed by t h e  we igh t  o f  t h e  dummy a lone 
and t h a t  t h e  rema in ing  sea ts  approached bo t tom ing  w i t h  a  f o r c e  l e s s  than 
t w i c e  t h e  dummy w e i q h t  o r  an upward v e r t i c a l  a c c e l e r a t i o n  o f  1 G i n  a d d i t i o n  
t o  g r a v i t y .  These l ow  s e a t  s t i f f n e s s e s  m igh t  be c o n f o r t a b l e  under some 
snowmobile r i d i n g  c o n d i t i o n s  b u t  t h e y  l e a v e  v e r y  l i t t l e  marg in  f o r  v e r t i c a l  
impact  ~ r o t e c t i o n  o f  t h e  r i d e r .  
A  225 I b .  r i d e r  who i s  48 i n ,  f r om t h e  ground has 10,800 i n . l b .  o f  
energy.  As he f a 1  1s some o f  t h e  energy may be d i s s i p a t e d  i n  t h e  r i d e r ' s  muscles 
if he pos ts .  When he impacts t h e  sea t ,  t h e  energy which i s  n o t  d i s s i p a t e d  
by de fo rma t ion  o f  t h e  s e a t  and t h e  suspension must be d i s s i p a t e d  w i t h i n  h i s  
body. We have observed i n  t h e  drop t e s t s  t h a t  t h e  suspension i s  e i t h e r  
bottomed o r  rebound ing d u r i n g  maximum compression o f  t h e  snowmobile sea t .  
Therefore,  t h e  s e a t  must absorb most of  t h e  r i d e r ' s  energy i f  he i s  t o  avo id  
i n j u r y .  R e f e r r i n g  t o  Tab le  11, even i n  t h e  l e a s t  severe case o f  t h e  P o l a r i s ,  
t h e  s e a t  r e q u i r e d  o n l y  1270 in .1  b. o f  energy t o  bottom. A f t e r  bo t toming t h e  
seat ,  t h e  r i d e r  i s  very  h e a v i l y  loaded and, i n  a l l  1  i k e l i h o o d ,  i n j u r e d .  
Because human i n j u r y  t o l e r a n c e  i s  n o t  o n l y  a  f u n c t i o n  o f  peak a c c e l e r -  
a t i o n  b u t  a l s o  o f  d u r a t i o n  o f  a c c e l e r a t i o n ,  t h e  un load ing  o f  t h e  sea t  as t h e  
r i d e r  bounces back i s  ve ry  s i g n i f i c a n t .  I f  much o f  t h e  energy requ i r ' ed  t o  
deform t h e  sea t  i s  d i s s i ~ a t e d  w i t h i n  t h e  sea6 then as i t  i s  unloaded, t h e  
l o a d  l e v e l s  and t h e  a c c e l e r a t i o n  l e v e l s  w i l l  d rop s h a r p l y  l e a d i n g  t o  a  l e s s  
severe impact .  Again, i n  t h e  l e a s t  severe case o f  t h e  P o l a r i s  seat ,  l e s s  
than h a l f  o f  t h e  energy r e q u r i e d  t o  l o a d  t h e  sea t  i s  d i s s i p a t e d  by  i t , and 
t h i s  d i s s i p a t e d  energy i s  v e r y  smal l  compared t o  t h e  energy o f  t h e  f a l l i n g  
r i  de r  , 
SUMMARY AND CONCLUSIONS 
The biomechanics o f  sp ine  i n j u r i e s  t o  r i d e r s  who i n a d v e r t e n t l y  o r  i n -  
t e n t i o n a l l y  jump t h e i r  snowmobiles was s t u d i e d  i n  two s e r i e s  o f  t es ts ' .  I n  
t h e  f i r s t  s e r i e s ,  twe lve  snowmobile seats  were t e s t e d .  Each s e a t  
i n d i v i d u a l  l y  was mounted on t h e  t e s t  snowmobile, a f u l l y  i ns t rumen ted  
an th ropomet r i c  dumrny was p laced  i n  t h e  r i d e r ' s  p o s i t i o n ,  and t h e  dummy, 
seat ,  and snowmobi l e  were dropped. As t h e  dummy deformed t h e  sea t  t s  t h e  
maximum e x t e n t ,  t h e  snowmobile suspension was bottomed o r  rebounding so 
t h a t  t h e  dummy had o n l y  t h e  s e a t  t o  p r o t e c t  i t  f rom severe v e r t i c a l  impact .  
The dummy bottomed t h e  s e a t  and was sub jec ted  t o  20 G's i n  t h e  l e a s t  
severe impact  and 34 G's i n  t h e  most severe case. Comparison o f  drop t e s t  
r e s u l t s  w i t h  human t o l e r a n c e  i n f o r m a t i o n  i n d i c a t e s  t h a t  t h e  impact  sever l ' t y  
was s u f f i c i e n t  i n  a1 l cases t o  cause i n j u r y  o f  t h e  sp ine.  
I n  t h e  second t e s t  s e r i e s ,  s i x t e e n  snowmobile seats  were t e s t e d  t o  
determine t h e i r  per formance independent o f  t h e  e f f e c t s  o f  snowmobile and 
r i d e r .  When t h e  seats  were deformed by a fo rce  equal t o  t h e  we igh t  of  
t h e  dummy, they  were n e a r l y  bottomed, l e a v i n g  l i t t l e  marg in  f o r  r i d e r  
p r o t e c t i o n  t o  ver t . ica1 impact ,  As t hey  were deformed f u r t h e r ,  t h e  l oads  
i nc reased  s h a r p l y  u n t i l  t h e  seats  became v i r t u a l l y  r i g i d .  The seats  
t e s t e d  were capable o f  absorb ing o n l y  a smal l  p a r t  o f  t h e  r i d e r ' s  energy 
a t  impact .  The remain ing energy must be d i s s i p a t e d  w i t h i n  t h e  r i d e r  
caus ing i n j u r y .  
Using p r e s e n t l y  ava i  l ab1  e techno logy,  snowmobile sea ts  can be 
designed which w i l l  s h a r p l y  reduce t h e  p o t e n t i a l  o f  s p i n a l  f r a c t u r e .  
Because snowmobile seats  a r e  i nexpens ive  r e l a t i v e  t o  t h e  p r i c e  o f  t h e  
v e h i c l e ,  t h e y  a r e  e a s i l y  changed i n  design,  and they  do n o t  e f f e c t  t h e  
hand1 i n g  c h a r a c t e r i s t i c s  o f  t h e  v e h i c l e ,  improved s e a t i n g  c o u l d  be pre-  
sented t o  t h e  snowmobi l ing p u b l i c  a t  a minimum o f  inconvenience.  
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